
ÆAccelerator Complex (Pol. Protons) �
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RHIC: Relativistic Heavy Ion Collider
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ÆTrajectory and Spin through Snakes �
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The rotation axis of
the snake is φ, and µ is
the rotation angle.

Note that the φ con-
tours shift slightly
from injection (red)
at 25 GeV to storage
(pink) at 250 GeV.
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ÆHelical Spin Rotators �

-5

-4

-3

-2

-1

0

1

2

3

4

5

0 2 4 6 8 10

B
 [

T
]

s [m]

Bx
By
Bz

Magnetic Field
24.3 GeV proton

-0.015

-0.01

-0.005

0

0.005

0.01

0.015

0.02

0.025

0 2 4 6 8 10
T

ra
je

ct
or

y 
[m

]
s [m]

x
y

Beam Trajectory
24.3 GeV proton

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

0 2 4 6 8 10

Sp
in

s [m]

Sx
Sy
Sz

Spin Components
24.3 GeV proton

0
2

4
6

8
10

12 -10

-5

0

5

10

-4

-2

0

2

4


 4�

eRHIC
Waldo MacKay 19-20, Aug., 2003



µ

θRot
at

or
 ax

is

y

s

x

Bea
m

The rotation axis of
the spin rotator is in
the x-y plane at an an-
gle θ from the vertical.
The spin is rotated by
the angle µ around the
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Note: Purple contour for rotation into horizontal plane.
Black dots show settings for RHIC energies in
increments of 25 GeV from 25 to 250 GeV.
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ÆRotator Axes and Precession �

To precess the spin from vertical into the
horizontal plane:

sinβ = sinµ cos θ

cosµ = − tan2 θ

µ ∈ [90◦, 270◦]
θ ∈ [−45◦, 45◦] ∪ [135◦, 225◦]

For longitudinal polarization want:

β = Gγ × θD0DX
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ÆCompensation for D0-DX Bends �
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ÆFormulae for a Single Rotator Helix �

Parameters for a single RHIC rotator helix

Pitch: k = 2π
λ , λ = 2.41 m [+(−) for right(left)-handed]

κ = q
p (1 +Gγ)B

Rotation axis: n̂ =
kẑ + κx̂√
κ2 + k2

Precession angle: α = 2π
(√

1 +
(

κ
k

)2 − 1
)

Transverse offset: ∆x =
q

p

B�

k
=

q

p

λ2

2π
B
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Æ Scaling Snakes and Rotators to He3 �

Scaling of the field at maximum energy:

The maximum rigidity of the beams must the same: rmax = p
q = 834 Tm

γHe3 � Z

A
γp

Want the same precession, so κ must be the same.

BHe3 � 1 +Gpγp

1 +GHe3γHe3
Bp

� AGp

ZGHe3
� −0.643

Snake excursion at injection rinj = 81.1 Tm (for protons):

∆y =
{

3.2 cm, for protons
−2.1 cm, for He3
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ÆComparison of Rotators for He3 and p �

Spin rotator contours for protons at 250 GeV
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ÆDepolarizing Resonances for Protons �
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Æ Summary �

Ǳ Spin precession and orbit excursions in snakes and rotators should work for
protons eRHIC.
• Snakes the same for protons.
• If no “D0DX” bends for IR, then fields in rotators are essentially con-
stant for all energies (like the snakes).

Ǳ He3 requires less field in snakes and rotators.
• Injection orbit excursions reduced.

Ǳ |Gγ|max is higher for He3.
◦ This needs to be investigated.
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